This paper simply encapsulate the recent developments in the field of Symmetry based approaches to detect tumor and then came up with a new parameter which plays a crucial role in proving that a high degree of Symmetry is present in an axial normal human brain MRI (Magnetic resonance Imaging) and this symmetry get affected or not present in anomalous cases highlighting the fact that tumor might be present. This paper tried to provide the proof of symmetry in human brain through a pixel based analysis using a number of neuro images cases. As Symmetry is one of the most significant property of a human brain that can be utilized to detect the presence of tumor and other anomalies present in the human Brain. For the pixel based analysis, a T2 weighted MRI modality images are used because in the T2 MRI images an anomaly appears Hyper intense (brighter than the normal brain tissue).
Introduction
The numerous developments over the last decade or so in the field of computer technologies and Image segmentation are simply catalyzing the development of modern computerized approaches for anomaly detection in radiological images. However many major issues came into existence because computers generally lack sufficient perceptibility and intelligence in terms of discovering pathological patterns, which ultimately hinders the decision making process. As the anatomical knowledge plays a pivotal or indispensable role in computer vision and artificial intelligence [1] [2] [3] , integrating anatomical knowledge into the computer system holds great promise for facilitating decision making and improving patient care. Based on the assumption that the brain exhibits a high level of bi-fold symmetry ( Fig. 1 ) and that this symmetry is violated in the presence of pathological anomalies conditions, many researchers have been motivated to construct a symmetry-based paradigm for automatic localization and segmentation of brain anomalies.
The general framework of this methodology is based on the hypothesis that the systematic correlation between asymmetry and pathologies can be a key to the improvement of existing detection algorithms. Integrating symmetry and asymmetry information as the prior knowledge or heuristics into a computer-aided diagnostic (CAD) [4] [5] [6] system, ought to enhance the system performance in the analysis of brain anomalies. To correctly quantify asymmetric patterns in brain images, however, the symmetry axis, or the symmetry plane, needs to be appropriately oriented in space. This enables the system to correct the possible misalignment of radiological scans and to evaluate hemisphere-wise asymmetry. Therefore, this paper has two main sections,
In the first section of this paper we tried to encapsulate the level of research already done in the field of Asymmetry and Symmetry based anomaly detection approaches while the second section contains a brief Pixel based symmetry analysis of a T2 MRI images highlighting or proving the fact that a high degree of symmetry is present in between the left and right hemisphere of a normal human brain, where as this symmetry is affected and not present in cases having tumor or any anomaly.
[ Fig. 1 ] The brain torque demonstrates that the brain is largely symmetrical, but not perfectly symmetrical: The right frontal lobe (1) is larger than the left one, and the left occipital lobe is larger than the right one (11) . This illustration is adapted from [7] [ Fig. 2 A normal human brain exhibits a extremely high level of bilateral symmetry, even though it is not perfectly symmetrical [8] [9] [10] [11] [12] . Corresponding regions of two hemispheres have approximately same anatomical properties, and also have comparable, if not identical, physiologic (e.g., blood perfusion) properties. The degree of asymmetry has long been thought to be helpful for suggesting a pathological condition and/or providing a diagnostic cue for clinicians. For example, abnormal asymmetry in the brain indicates a wide range of pathologies, such as stroke, bleeding and tumor. Radiologists routinely use symmetry/asymmetry as one of the most discriminating features, in conjunction with other characters such as location, neighborhood relationship, and shape, to assess abnormalities in brain images.
As per functionally wise, the brain is functionally asymmetrical and each side of the brain assumes distinctive functions. For instance, in most individuals, the left hemisphere is more active in linguistic tasks, while the right hemisphere is specialized for non-verbal tasks such as visual perception [9] [13] [14] [15] [16] . The degree to which anatomical asymmetry correlates with functional asymmetry remains questionable, but it is evident that morphological differences between hemispheres, however slight, occur systematically in normal brains. One example would be that the right frontal lobe is expected to be bigger than its left counterpart [9] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . In any case, however, one has to be aware of the existence of normal asymmetry might potentially confound the process of extracting abnormal asymmetry. Both the Symmetry as well as little Asymmetry phenomenon of human brain can be used to detect the tumor and other anomalies.
Research in the Field of Symmetry based Approaches to Detect Brain Tumor
The property of Symmetry is a well known means to discover the structure of objects and it was used in many domains. Most of the approaches based on using a priori knowledge on the image and the kind of symmetry that we are looking for (rotational or bilateral). The very first study was made by Atallah [22] and it required objects to be presented as points, lines or circles. Some morphological methods as thinning or "grass fire" were tested but only on a set of binary images. Xia [23] comes up with a good review paper, which also showcased the sensitivity of these methods. The first symmetry based detection approach which eventually does not need object recognition or segmentation was proposed by Reisfeld [24] . Then Kovesi [25] managed to compute symmetry without any a priori on the image by using the local phase. Keller [26] proposed an algebraic approach based on the Fourrier transform. In the medical imaging field symmetry was mainly applied to the brain were statistical measures and symmetry axis computation methods were proposed by Tuzikov [27] . A tumor detection method using histograms was first proposed by Wang [28] .
In the year 2007, Nilanjan Ray, Baidya Nath Saha, and Matthew Robert Graham Brown proposed a technique for computing bounding boxes around brain abnormality in standard MR images based on symmetry. The technique uses a scoring function that provides a measure of the similarity or difference between two regions in terms of the Bhattacharya coefficient computed on those region intensity histograms. We provide a mathematical basis of the behaviour of this scoring function that essentially locates the bounding box. This region-based and image feature histogram-based approach can open new avenues of brain tumor boundary delineation [29] .
In 2008, Nilanjan Ray, Russell Greiner and Albert Murtha come up with another technique based on Symmetry to detect anomaly in brain MRI [30] . In this approach they have simply proposed a real-time algorithm to locate the brain abnormality in an MR image by putting a bounding box around it. Their approach is based on left-to right symmetry of the brain. In additional to being real-time, some advantages of the proposed algorithm are, It requires no registration of MR images, It needs no training image and It is independent of intensity variations across MR images. Their detection algorithm can play a useful role in indexing and storage of MRI data and as an initial step toward accurate tumor boundary delineation.
In the year 2010, Soniya Goyal [31] of IIT Delhi proposed a simple method based on symmetry to detect the brain tumor in the axial brain MRI. The approach simply based on the portioning of patient axial MRI image in module of fixed size and numbered them symmetrically and the compare these symmetrical modules present in left as well as in the right hemisphere. Although the approach was very simple but effective. She later on tests this approach on a number of test cases and proved to be very reliable.
[ Fig. 3 ] A general Flow diagram depicting the primary stages involve in a general symmetry based approach.
The next section of this paper simply contains the pixel intensities values based analysis of MRI images showcasing the presence of high degree of symmetry in normal patient MRI and the cases in which symmetry property totally got compromised and unable to detect tumor [32] [33] .
The T2 Axial MRI image is decomposed into eight modules or sections. Since the MRI images of 512*512 standard sizes so each constituent module is of size 128*256. The median pixel value gradient of each module of T2 MRI image can be calculated as: [ Fig. 7 ] T2 MRI scan of a patient having tumor in the right hemisphere and its corresponding mean pixel values.
As from the above output, it is quite evident that high degree of symmetry does exist and can be very effectively represented with the help of mean pixel value parameter.
However in cases having anomalies, the mean pixel values of both hemispheres deviated and are different by large margin. These different values or difference can be very effectively used to detect anomaly is present or not. Same or identical mean pixel values gradient of both right and left hemisphere will illustrate no anomaly and different values will represent presence of any anomaly. The only reason for using T2 weighted MRI images because in T2-weighted images, tumors and edemas appear hyper intense.
The third phase consists of a case in which symmetry based approaches failed or unable to detect anomaly. One of the biggest drawback of all symmetry based approaches lies in their ability to detect anomaly present near the midline and on the midline in an axial MRI scan. In these cases entire robustness of the symmetry based approach to detect anomaly got compromised or failed. As anomaly detection by symmetry based approach is based on harnessing the intensity difference in between the right and left hemisphere. If the tumor is present on the midline or near the midline then the difference in intensity comes out to be zero as the half portion of tumor present in left hemisphere and another half in right hemisphere. So when the left and right modules pixel values got subtracted then the result always comes to be zero or very small highlighting no anomaly. Some of the typical cases in which tumor either present near the midline or on the midline presented below.
In the above case as the tumor is located just on the midline which separates the right and left hemisphere. In this case when we tend to apply the conventional symmetry based approach to detect the tumor by simply subtracting the left hemisphere from the right one in order to harness the difference in between the left and right hemisphere, the result always comes out to be zero or null. This happens because as the tumor is centrally located so half portion of it lies with the right hemisphere and exactly half portion with the left hemisphere which appears to be normal.
[ Fig. 8 ] MRI scans of a patient having tumor in the midline just in between the right and left hemisphere.
In these cases symmetry remains present and solely symmetry based approach cannot be used to detect the tumor in the above case. Apart from this other MRI examples of midline tumor are given below:
[ Fig. 9 ] T2 MRI scans of a patient having large tumor in the midline.
Conclusion
All the symmetry based approaches are very popular because of its simple, effective and robust nature when it comes to detect anomaly in the MRI of a human brain. The new parameter i.e the mean pixel value gradient shows the high degree of symmetry is present in between the left and right hemisphere in normal human brain MRI and this symmetry is absent in abnormal human brain MRI. However it has been observed from our analysis that the symmetry property prove to be ineffective especially if the location of the tumor is near the Symmetry mid line or on the mid line. In such cases, the symmetry property alone cannot
